Abstract This study aims to examine the phase advance of sleep-wake rhythm, napping habit, nocturnal sleep duration, prolonged sleep latency and insomnia and their relationship with cognitive function. This is a crosssectional study. Participants in this study are 2,947 community-dwelling adults older than 65 years old.
Introduction
Disturbed sleep-wake rhythm has consistently been recognized in dementia (Vitiello et al. 1990 (Vitiello et al. , 2002a Bliwise 1993; Bootzin et al. 2001; Vitiello and Borson 2001; Moe et al. 1995; Ancoli-Israel et al. 1997; Pat-Horenczyk et al. 1998; Gehrman et al. 2005) while phase advance of sleep-wake cycle is regarded an age-associated variation. (Miles and Dement 1980) . The significance of daytime sleepiness or napping has also been examined in patients suffering from dementia, which has indicated a high prevalence of day-time sleeping in patients suffering from Alzheimer's disease (Tractenberg et al. 2006); and Foley et al. (2001) have reported that daytime sleepiness was associated with 3-year incident dementia. This unfavorable association was further supported by (Ohayon and Vecchierini 2005) who demonstrated that prolonged daytime sleep of 1 h or more was associated with cognitive impairment. We, however, postulated that napping or excessive daytime sleepiness might be the early disturbance in sleep-wake cycle of dementia and perhaps, the extreme manifestation of the phase advance phenomenon; or phase advance, by itself, was the early presentation of sleep-wake rhythm disturbance in cognitive decline. To the best of our knowledge, the association between phase advance of sleep-wake rhythm and cognitive deficit has been scarcely examined.
Epidemiological studies of the relationship between sleep duration and cognitive function in older adults have revealed inconsistent findings. Some reported poor cognition in older persons sleeping for longer duration (Faubel et al. 2009; Benito-Leon et al. 2009; Schmutte et al. 2007 ) while others demonstrated the opposite (Ohayon and Vecchierini 2005; Tworoger et al. 2006) . Kronholm et al. (2009) , furthermore, has revealed an inverted U-shaped relationship between sleep duration and cognitive function in the general population, while Xu et al. (2011) have recently reported a similar relationship in older adults. While the duration or quantity of sleep is significant, the quality of sleep may be related to cognitive decline too. Several studies have reported that it was the self-reported quality but not the quantity of sleep that affected cognition (Blackwell et al. 2006; Nebes et al. 2009; Cricco et al. 2001) . Therefore, the relationship between sleep quantity, quality, and cognitive deficit or dementia has remained elusive.
In the present cohort of community-dwelling older persons, who were free from clinical dementia, we therefore, examined their cognitive function and its relationship to phase advance of sleep-wake rhythm (go-to-bed-time and wake-up-time), napping habit, nocturnal sleep duration, and poor sleep quality of prolonged sleep latency, and subjective insomnia complaint.
Methods
Four thousand community-dwelling men and women aged 65 years or over were invited to attend a health check carried out in the School of Public Health of The Chinese University of Hong Kong between August 2001 and December 2003 by placing recruitment notices in community centers for the elderly and housing estates. This project was primarily examining the bone mineral density of older Chinese adults. Written informed consents were obtained. Only ethnical Chinese subjects were recruited. We excluded those who (1) were unable to walk without assistance of another person; (2) had had a bilateral hip replacement because that would have affected the bone mineral density measurement; (3) were cognitively incompetent to give informed consent; (4) had medical conditions, in the judgment of the study physicians, which made it unlikely that they would survive the duration of the study. The sample was stratified so that approximately 33% were in each of the age groups: 65-69, 70-74, and 75 and over. This study was approved by the Clinical Research Ethics Committee of The Chinese University of Hong Kong. The recruitment has been described in more details in the parent osteoporosis study (Lau et al. 2006 ).
The present sleep study was conducted during the second year follow-up of the parent osteoporosis study. Two thousand nine hundred and forty five subjects who turned up for the second year follow-up assessment of their bone mineral density were invited to participate. Each participant was tested by the minimental status examination (MMSE) (Folstein et al. 1975) according to the original osteoporosis study protocol (Lau et al. 2006) . A sleep questionnaire Wing et al. 2002) was additionally administered to record the subjects' go-to-bed time, wake-up time, self-report nocturnal sleep duration, prolonged sleep latency (more than 1 h), subjective insomnia complaint, napping habit, and its frequency per week. Information of demographics, years of education, smoking habit, regular alcohol, tea and coffee consumption, habitual snoring, Geriatric Depression Scale score (Yesavage et al. 1982) , psychotropic medication usage, and the diagnosis of diabetes mellitus, hypertension, stroke, chronic obstructive pulmonary disease, and coronary heart disease were collected. The specific questions asked in the Sleep Questionnaires were included in the Appendix.
Statistical methods
Nocturnal sleep duration was categorized arbitrarily into eight categories: <4, 4-4.9, 5-5.9, 6-6.9, 7-7.9, 8-8.9, 9-9.9 , and ≧10 h; and the napping habit frequency into 5 categories: 0 per week, <1 per week, 1-2 per week, 3-5 weeks and daily. The adjusted mean MMSE score was separately plotted against each nocturnal sleep duration and napping frequency category to observe any U-or linear relationship. The relationship was examined by pfor-trend if either an incremental or decrescendo trend was observed.
The relationship between MMSE score and each of the sleep variables: nocturnal sleep duration, goto-bed time, and wake-up time was tested by linear regression singly and then repeated with adjustment for the covariates: age, gender, years of education, smoking habit, regular alcohol, tea and coffee consumption, habitual snoring, depression (Geriatric Depression Scale score≥ 8), use of psychotropic medications, and the diagnosis of diabetes mellitus, hypertension, stroke, chronic obstructive pulmonary disease, and coronary heart disease. The relationship with the remaining three binary sleep variables: napping habit, prolonged sleep latency (>1 h), and subjective complaint of insomnia was likewise tested by logistic regression singly and then repeated with adjustment for the same set of covariates.
The statistical tests were undertaken using SPSS 10.0. All tests were two-sided and any p value less than 0.05 was regarded as statistically significant.
Results
Two thousand nine hundred and forty-five participants were recruited. The mean (standard deviation) age was 73.8 (4.9) years and 1,203 (40.8%) were women. Their mean (standard deviation) MMSE score was 26.1 (3.3). The average go-to-bed time was 22:27 and the wake-up-time was 06:07. The mean (standard deviation) nocturnal sleep hours was 7.96 (1.39) h. Twenty-one percent and 16.2% of the participants complained of prolonged sleep latency longer than 1 h and insomnia, respectively. Fifty-six percent of the participants napped once or more weekly. All these results were listed in Table 1 .
With advancing age, the participants reported longer sleep duration (p<0.001), went to bed earlier, and woke up earlier, which were significant both before and after adjustment for the covariates (Tables 2 and  3) . Furthermore, the participants who had lower MMSE score went to bed earlier and woke up earlier, which were statistically significant both before and after adjustment (Tables 2 and 3) . Women went to bed and woke up at the hour similar to men (Table 3) but slept 0.34 h less (p<0.001) before and 0.36 h less (p<0.001) than men after adjustment for the same set of covariates (Tables 2 and 3 ).
There was a decrease in mean MMSE score when the sleep duration prolonged from 7 h to ≧10 h (p for trend 0.006). No trend was observed from the sleep duration <4 up to 7.9 h (p for trend 0.500). A lower MMSE score was significantly associated with longer nocturnal sleep duration after adjustment for the covariates (p<0.05, Table 3 ). A higher MMSE score was associated with fewer reports of prolonged sleep latency (OR, 0.82; p<0.001), less insomnia complaint (OR, 0.86; p<0.01) and napping (OR, 1.13; p<0.001) before adjustment (Table 2) . Only prolonged sleep latency (OR 0.86; p<0.01) persisted to be statistically significant after adjustment (Table 3 ). An inverted Ushaped relationship was observed between MMSE score and napping frequency, p for tend was 0.026 for both decrescendo and incremental trend from ≥1-2/week to either ends with adjustment for the covariates (Fig. 1) .
Discussion
The reported mean nocturnal duration of sleep in this cohort of older adults was 7.96 (1.39) h, which was not particularly shorter than the general adult population (Ohayon and Vecchierini 2005; National Sleep Foundation 2003) . Furthermore, we have observed that with every 5 years increase in age, the adjusted sleep duration was lengthened modestly by 0.14 h (p< 0.001), in contrary to the belief that sleep duration will shorten with aging. In our participants with an age range of 65 years and above, we did not reveal any increase in the frequency of subjective insomnia complaints and prolonged sleep latency (Tables 2 and 3) , Values are change in time duration (hours) or odds ratio (OR) per unit change of independent variable; CI0confidence interval; SD0 standard deviation Adjusted for age, gender, MMSE score, years of education, smoking habit, regular alcohol, tea and coffee consumption, habitual snoring, depression (Geriatric depression scale score≥8), use of psychotropic medications, and the diagnosis of diabetes mellitus, hypertension, stroke, chronic obstructive pulmonary disease, and coronary heart disease by multiple linear regression for continuous dependent variables and logistic regression for binary dependent variables *p<0.001, **p<0.01, ***p<0.05 a Further adjusted for sleep duration, prolonged sleep latency, insomnia, and napping supporting the notion that sleep complaints in old age are usually secondary to other co-morbidities instead of aging singly (Foley et al. 1999 (Foley et al. , 2004 Vitiello et al. 2002b) . We have reconfirmed the phase advance of sleepwake cycle in old age (Miles and Dement 1980) . With every 5 years older, our participants went to bed 0.15 h earlier and woke up 0.14 h earlier (Table 3 ). The magnitude of this phase advance may appear modest, but it was demonstrable even in the age range from 65 years and onwards. It is plausible that the phase advance is more prominent from middle age to old age. The clinical significance of this phase advance of sleep cycle and its relationship to any neurodegenerative diseases in old age warrants further studies. Similar to the effect of age, cognitive deficit was associated with the phase advance of sleep-wake rhythm. With every three decrements of MMSE score, the go-tobed time was 0.08 h and the wake-up time 0.09 h earlier, which were independent of age and other co-variates. This phase advance, though modest, may be the manifestation of the pre-clinical stage of cognitive decline in this cohort of community-dwelling older adults, who are yet free from clinical dementia. Since the go-to-bed-time and wake-up-time might be confounded by other sleeprelated complaints and sleep duration, we have additionally included them as covariates in analyzing the two phase advance dependent variables in the regression models. It is observed that both go-to-bed time and wake-up time were advanced with lower MMSE score, independent of sleep duration, and other sleep-related complaints (Table 3 ). The sleep-wake rhythm is controlled by the suprachiasmal nuclei in the anterior hypothalamus, which receive light and dark information and entrain biological rhythms to environmental time (Wulff et al. 2010) . Exaggerated degeneration of this nucleus, more than accounted for by aging, has been reported in patients suffering from Alzheimer's disease (Hofman and Swaab 1994) . Whether this can account for the phase advance in sleep cycle associated with cognitive deficit is uncertain and warrants further research. It has been postulated that sleep stabilization in neurodegenerative diseases with associated sleep cycle disturbance, may retard cognitive decline (Wulff et al. 2010 ). The clinical advantage of early recognition and stabilization of the phase advance in sleep-wake rhythm remains elusive.
If that napping represents the extreme manifestation of phase advance as we have postulated had been true, it would have been associated with a lower MMSE score. Napping, in contrary to the previous reports (Tractenberg et al. 2006; Foley et al. 2001; Ohayon and Vecchierini 2005) about the association between excessive daytime sleepiness and dementia, appeared to be protective against cognitive deficit (Table 2 ) though the effect did not persist after adjustment (Table 3) . On further analysis of napping frequency instead of napping habit alone, we have demonstrated an inverted U-shaped relationship with cognitive function (Fig. 1) . Optimal napping less than once to twice a week appeared to be protective to cognitive function, comparing to those never napped and those who napped more frequently. We have not inquired about the age at which the subjects began to acquire their napping habit. It is plausible that habitual napping acquired from middle or younger age is benign and is different from the irresistible daytime sleepiness that appears in old age. Only the latter, perhaps, represents the phase advance or the disturbance in the sleep-wake rhythm of cognitive decline.
We have observed a plausible inverted U-shaped relationship between cognitive function and sleep duration by eye-balling (Fig. 2) , which, however, was not supported by further statistical test (p00.179 by quadratic regression). The MMSE score decreased with increasing sleeping duration from 7 h onwards (p for trend 0.007), with no similar relationship demonstrable from 7 h and below (p for trend 0.500). This relationship < 4 4 -4.9 5 -5.9 6 -6.9 7 -7.9 8 -8.9 9 -9.9 ≥ 10
Sleeping duration, hours Mean MMSE score Fig. 1 Relationship between MMSE score (95% confidence interval) and sleep duration. Adjusted for age, gender, years of education, smoking habit, regular alcohol, tea and coffee consumption, habitual snoring, depression (Geriatric depression scale score≥8), use of psychotropic medications, and the diagnosis of diabetes mellitus, hypertension, stroke, chronic obstructive pulmonary disease, and coronary heart disease. p for quadratic regression 00.179; <4-7.9 h: p for trend 00.500; 7-≥10 h: p for trend00.006 has been adjusted for age, gender, years of education, smoking habit, regular alcohol, tea and coffee consumption, insomnia, depression (GDS≧8), psychotropic medications, diabetes mellitus, hypertension, stroke, chronic obstructive pulmonary disease, coronary heart disease, and habitual snoring. Our observations were consistent with the work of others who have revealed that cognitive deficit was associated with longer sleep duration (Faubel et al. 2009; Benito-Leon et al. 2009; Schmutte et al. 2007) . It is uncertain whether it is the co-existing morbidities, for which we have adjusted as far as possible, or the poor sleep quality associated with cognitive decline that prolonged sleep duration.
Regarding sleep quality, we have observed that cognitive deficit was associated with prolonged sleep latency but not subjective complaint of insomnia (Table 3) . Disturbed sleep cycle and poor sleep quality has been consistently reported in demented patients (Vitiello et al. 1990 (Vitiello et al. , 2002a Bliwise 1993; Bootzin et al. 2001; Vitiello and Borson 2001; Moe et al. 1995; Ancoli-Israel et al. 1997; Pat-Horenczyk et al. 1998; Gehrman et al. 2005) . Our participants having lower MMSE score might still be in the early stage of cognitive decline and poor sleep quality was therefore not yet evident. Our results, however, suggest that one of the poor sleep complaints, prolonged sleep latency, may already be present in the pre-clinical stage of cognitive deficit.
Our study has several limitations. Being crosssectional, the causal relationship between cognitive deficit and sleep-wake rhythm and sleep duration cannot be inferred. All our data were generated from self-report, and we have not used actigraphy or sleep EEG to measure the sleep duration, sleep-onset time, and wake-up time. Self report in old age may be subjected to error, particularly for those having cognitive deficit. However, recall error should occur in both directions and may not be biased towards either end. All participants were independent in daily functioning, community dwelling, and free from clinical dementia though some of them having low MMSE score. By including all participants regardless of MMSE scores, we were able to examine the phase advance in the preclinical stage of cognitive deficit before the onset of dementia.
The association between cognitive function and sleep-wake rhythm, sleep duration, and sleep quality could have been confounded by many co-existing sleep or cognition related medical conditions. We have attempted to adjust for two prominent confounding factors, mood (GDS) and the psychotropic medication usage and several common medical co-morbidities. Obstructive sleep apnea syndrome, which is associated with cognitive decline, is common in old age (Fulda and Schulz 2001; Ancoli-Israel et al. 1991) . Habitual snoring has been adjusted for, hoping to minimize the confounding effect. Given all these efforts, our findings, however, may still be alternatively accounted for by other confounders, which were unknown and had not been adjusted for. The participants were community-dwelling, healthy volunteers, and free from any clinical dementia. As such, our findings cannot be extrapolated to the frail and demented patients.
Conclusions
Modest age-independent phase advance of the sleepwake rhythm is associated with lower cognitive function. Whether this is a manifestation of early pre-clinical dementia and whether its recognition with early stabilization can slow cognitive decline remain elusive. Napping frequency Mean MMSE score Fig. 2 Relationship between MMSE score (95% confidence interval) and napping frequency. Adjusted for age, gender, years of education, smoking habit, regular alcohol, tea and coffee consumption, habitual snoring, depression (Geriatric depression scale score≥8), use of psychotropic medications, and the diagnosis of diabetes mellitus, hypertension, stroke, chronic obstructive pulmonary disease and coronary heart disease. p for quadratic regression00.017. 0 to ≤1-2/week: p for trend00.026; ≥1-2/week to daily: p for trend00.026
